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ABSTRACT 
Fugitive dust sources such as aggregate storage piles contribute significantly to 
the total suspended particulate levels in the ambient air.  Particulate levels are monitored 
and regulated by the Environmental Protection Agency to protect public health and 
welfare.  This study monitored particulate concentrations in the ambient air near a coal 
storage pile.  Air samplers and weather stations were placed at two locations, one to the 
north of the pile and one to the south of the pile, and were used to collect particulate and 
weather related data.   
The data were analyzed to determine the origin of the particulate and to identify 
factors contributing to changes in monitored concentrations.  A detailed wind direction 
and concentration analysis and associated rating matrix found of the 24 datasets analyzed, 
16 showed a negative result.  These results provide evidence that a source other than the 
coal storage pile is the primary source of particulate.  Although the coal pile may be 
contributing to the total concentration, distant as well as nearby sources are likely the 
primary source of the particulates collected by the monitors.    Additional analysis also 
found that stronger wind gusts are correlated to increased particulate concentrations.  
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CHAPTER 1 
INTRODUCTION 
URegulating Air Quality 
The national framework for protecting air quality in the United States is outlined 
in the Clean Air Act (CAA), passed in 1963, and regulated by the Environmental 
Protection Agency (EPA), created by Congress in 1970.  The CAA gives the federal 
government authority to protect public health and welfare from different types of air 
pollution caused by a diverse array of pollution sources.  The federal government, in 
cooperation with states, local governments, industry, and environmental groups have 
worked together to establish a variety of programs to reduce air pollution levels across 
the nation. (EPA, 2007)  
Limits on air pollutant concentrations were originally outlined in a 1970 
amendment to the CAA, which authorized the development of the National Ambient Air 
Quality Standards (NAAQS; Table 1) (EPA, 2016a).  The NAAQS identify primary 
standards which are designed to protect human health including susceptible populations 
and secondary standards designed to protect public welfare.  Standards were set for the 
following six common pollutants, also known as “criteria” air pollutants: sulfur dioxide 
(SOR2R), nitrogen dioxide (NOR2R), carbon monoxide (CO), lead (Pb), ozone (OR3R), and 
particulate matter (PM) (Godish, 2004).  These pollutants are identified as criteria 
pollutants because their outdoor or ambient concentrations across the United States can 
harm human health and the environment.  Of the six pollutants, particle pollution and 
ground-level ozone can cause the most harm to human health.  (EPA, 2007)    
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Table 1: National Ambient Air Quality Standards, (EPA, 2016a) 
Pollutant 
Primary / 
Secondary 
Averaging 
Time Level Form 
Carbon Monoxide 
(CO) primary 
8 hours 9 ppm Not to be exceeded once 
per year 1 hour 35 ppm 
Lead (Pb) primary and secondary 
Rolling 3 
month 
average 
0.15 
µg/m³ Not to be exceeded 
Nitrogen Dioxide 
(NOR2R) 
primary 1 hour 100 ppb 
98th percentile of 1-hour 
daily maximum 
concentration, averaged 
over 3 years 
primary and 
secondary 1 year 53 ppb Annual Mean 
Ozone (OR3R) primary and secondary 8 hours 
0.070 
ppm 
Annual fourth-highest 
daily maximum 8-hour 
concentration, averaged 
over 3 years 
Particulate 
Pollution 
(PM) 
PMR2.5 
primary 1 year 12.0 µg/m³ 
Annual mean, averaged 
over 3 years 
secondary 1 year 15.0 µg/m³ 
Annual mean, averaged 
over 3 years 
primary and 
secondary 24 hours 
35 
µg/m³ 
98th percentile, 
averaged over 3 years 
PMR10 primary and secondary   
150 
µg/m³ 
Not to be exceeded 
more than once per year 
on average over 3 years 
Sulfur Dioxide 
(SOR2R) 
primary 1 hour 75 ppb 
99th percentile of 1-hour 
daily maximum 
concentrations, averaged 
over 3 years 
secondary 3 hours 0.5 ppm 
Not to be exceeded once 
per year 
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UParticulate Pollution 
Particle pollution, also known as particulate matter, is a generic term for a broad 
class of chemically and physically diverse substances that exist as discrete particles 
including liquid droplets (excluding water) and solids.  Particles in the ambient air are 
typically classified into two somewhat overlapping distributions: (1) fine (diameter less 
than 2.5 micrometers, μm) particulate matter and (2) course (diameter larger than 2.5 μm) 
particulate matter (EPA, 1996).  Figure 1 compare particle sizes to that of human hair, 
and Figure 2 illustrates and provides examples of materials with varying aerodynamic 
diameters. 
 
 
Figure 1: Particulate Matter Size Comparison (EPA, 2016b) 
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Figure 2: Particulate Matter Size Chart (EPA, 1997) 
 
 
 
The significant effects of particulate matter on health and the environment have 
long been recognized.  The EPA set the original primary and secondary particulate 
NAAQS on April 30, 1971, without specifications for size or composition.  The standard 
focused on particles with an aerodynamic diameter between 25 and 45 micrometers 
commonly referred to as total suspended particles (TSP).  On July 1, 1987, the agency 
revised the original PM standard.  The principle revision of 1987 included replacing TSP 
with a new indicator that included only particles with an aerodynamic diameter of 10 
micrometers or less (PMR10R).  In 1997, EPA revised the standard once again to provide a 
greater emphasis on fine particles smaller than 2.5 micrometers (PMR2.5R).  While these 
revisions were subject to wide debate and litigation, a substantial increase in research and 
monitoring was initiated resulting in significant advances in the scientific information 
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base (Page, 2006).  EPA continued to analyze thousands of new studies and in September 
2006, the standards were again revised.  The PMR2.5R 24-hour standard was reduced from 
65 to 35 µg/m³ and the PMR10R annual standard was revoked from lack of evidence linking 
long-term exposure to coarse particles to health problems.  The most recent revisions to 
the NAAQS came in 2012 (effective 2013), when the annual standard for PMR2.5R was 
reduced from 15 to 12 µg/m³.  Table 2 shows how the particulate matter NAAQS have 
changed since 1971. (EPA, 2017) 
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Table 2: History of the Particulate Matter NAAQS 
Final 
Rule 
Primary/ 
Secondary Indicator Averaging Time Level Form 
30-Apr-71 Primary TSP 24-hour 260 
µg/mP3 
Not to be exceeded more than 
once per year 
Annual 75 µg/mP3 Annual geometric mean 
Secondary TSP 24-hour 150 
µg/mP3 
Not to be exceeded more than 
once per year 
Annual 60 µg/mP3 Annual geometric mean 
1-Jul-87 Primary 
and 
Secondary 
PMR10 24-hour 150 
µg/mP3 
Not to be exceeded more than 
once per year on average over 
a 3-year period 
Annual 50 µg/mP3 Annual arithmetic mean, 
averaged over 3 years 
18-Jul-97 Primary 
and 
Secondary 
PMR2.5 24-hour 65 µg/mP3 98th percentile, averaged over 
3 years 
Annual 15.0 
µg/mP3 
Annual arithmetic mean, 
averaged over 3 years 
PMR10 24-hour 150 
µg/mP3 Not to be exceeded more than 
once per year on average over 
a 3-year period 
Annual 50 µg/mP3 Annual arithmetic mean, 
averaged over 3 years 
17-Oct-06 Primary 
and 
Secondary 
PMR2.5 24-hour 35 µg/mP3 
98th percentile, averaged over 
3 years 
Annual 15.0 
µg/mP3 
Annual arithmetic mean, 
averaged over 3 years 
PMR10 24-hour 150 
µg/mP3 
Not to be exceeded more than 
once per year on average over 
a 3-year period 
15-Jan-13 
Primary PMR2.5 Annual 12.0 
µg/mP3 
Annual arithmetic mean, 
averaged over 3 years 
Secondary Annual 15.0 
µg/mP3 
Annual arithmetic mean, 
averaged over 3 years 
Primary 
and 
Secondary 
24-hour 35 µg/mP3 
98th percentile, averaged over 
3 years 
Primary 
and 
Secondary 
PMR10 24-hour 150 
µg/mP3 
Not to be exceeded more than 
once per year on average over 
a 3-year period 
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UHuman Health Impact 
The NAAQS require the EPA to establish standards that are stringent enough to 
protect public health with an adequate margin of safety, at a level that avoids 
unacceptable risks to both general and sensitive populations.  Population subgroups that 
have been identified as potentially susceptible to health effects as a result of exposure to 
particulate matter include children, older adults, and individuals with existing heart 
disease, lung disease, or diabetes (Johnson and Graham, 2005).  Physically active 
individuals are also thought to be at risk from fine particles.  Exercise and physical 
activity cause people to breathe faster and more deeply causing them to take more 
particles into their lungs (EPA, 2003).   
Older adults are thought to be susceptible to increased levels of particles possibly 
because they may have existing or undiagnosed heart or lung disease or diabetes.  Many 
studies have shown that when particle levels are elevated, older adults have a higher risk 
of being hospitalized and some may die of aggravated heart or lung disease.  Along with 
adults, children are also at risk from particles for several reasons.  For example, their 
lungs are still developing, they spend more time at high activity levels and they are more 
likely to have asthma or acute respiratory disease.  In addition to these susceptible 
subgroups, scientists are also evaluating studies that suggest that exposure to high particle 
levels may also be associated with low birth weight in infants, pre-term deliveries and 
possibly fetal and infant deaths. (EPA, 2003) 
Epidemiologic analyses provide some of the most crucial information used in 
developing the health criteria upon which the EPA makes decisions regarding the PM 
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standards (EPA, 1996).  These studies have shown significant associations between 
ambient PM levels and a wide range of human health effects.   Fierro (2000) suggests that 
once inhaled, the size, shape and density of a particle is directly linked to where in the 
body it is deposited which is directly linked to the potential health problems.  Coarse 
particles are often described as inhalable as they are capable of being deposited in the 
upper respiratory tract.  Fine particles are often described as respirable, as their extreme 
small size allows them to more easily bypass the human body’s respiratory defenses and 
become deeply lodged within the lungs and potentially even enter the bloodstream. (Pope 
and Dockery, 2006)  Figure 3 illustrates how the different sizes of particulate matter may 
make their way through the respiratory system. 
 
 
Figure 3: Disposition of Particulate Matter in the Respiratory System (Wilson, 1996) 
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Many epidemiologic studies have shown significant associations between ambient 
PM levels and a wide range of human health effects.  Johnson and Graham (2005) 
explain how exposure to PM has been linked to mortality, hospital admissions, 
respiratory symptoms, and changes in pulmonary function. Associations of both short-
term (usually days) and long-term (usually years) PM exposure with these various health 
effects have been consistently observed.     
Short-term exposures to ambient PM have been found to cause aggravation of 
lung diseases, asthma attacks and bronchitis, and may also increase susceptibility to 
respiratory infections.  Serious effects from short-term exposures have not been reported 
by healthy individuals, however some experience temporary minor irritations when levels 
are high.  Temporary symptoms may include irritation of the eyes, nose, and throat, 
coughing phlegm, chest tightness, and shortness of breath.  Long-term exposures, such as 
those experienced by individuals living or working for many years in areas with high 
particle levels, have been associated with problems such as reduced lung function, 
development of chronic bronchitis, and even premature death. (EPA, 2003)   
Pope and Dockery (2006) have analyzed various toxicological and physiological 
considerations and suggest particulate matter has an increasingly large impact on human 
health.  They have found some particles to be more toxic than others as they include acids 
(such as sulfates and nitrates), metals, organic compounds, soil or allergens (such as 
fragments of pollen or mold spores).  This potential toxic nature of the particulates may 
explain why relatively small elevations in exposure to fine particulates over short periods 
of only a few hours to a few days could be responsible for health problems or even death. 
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When levels of particulate pollution are high, the EPA (2015) suggests choosing 
less strenuous outdoor activities, shortening the time spent outdoors, rescheduling 
activities, and reducing the amount of time spent near busy roads to reduce your 
exposure.  Increased levels of outdoor particle pollution can also cause indoor particle 
levels to be high.  The EPA (2015) suggests eliminating tobacco smoke, minimizing the 
use of wood stoves or stoves and candles, and using a HEPA air filter and air cleaners to 
reduce indoor particle levels.  
UPublic Welfare Impact 
 In addition to the array of health problems linked to particulate pollution, 
visibility, the environment, and materials can also be impacted.  Visibility refers to the 
clarity or transparency of the atmosphere and the associated ability to see distant objects.  
Particulate matter in the atmosphere is the major cause of reduced visibility in parts of the 
United States, including many of our treasured national parks and wilderness areas.  The 
ability to see through the atmosphere depends fundamentally upon the light-scattering 
and absorption properties of the particles found between the observer and the object they 
are viewing (McDonald and Shepherd, 2004).  Particles cause light to be scattered away 
before it reaches an observer. More particles in the atmosphere increases the amount of 
scattering, reducing the color and clarity of what we see.  Due to the small size of 
ambient PM, they have the ability to persist in the atmosphere for several days or weeks 
and can be transported thousands of miles, affecting visibility locally, regionally, and 
globally (Hyslop, 2009).   
11 
 
 Along with impairing visibility, PM can also cause a variety of damage to the 
environment.  Secondary particles formed from sulfur dioxides and nitrogen oxides result 
in the formation of acidic particles (sulfates and nitrates).  These particles can be carried 
long distances by wind and eventually settle onto the surface.  Depending on where these 
particles settle, different environmental effects could be experienced including 
acidification of lakes and streams, disruption of the nutrient balance in coastal waters and 
large river basins, depletion of soil nutrients, damage to sensitive forests and farm crops, 
reduction of ecosystem diversity, and acidification of water bodies.  Along with 
environmental damage, some materials are also susceptible.  Items such as statues and 
monuments can be stained or damaged by the acidic particles. (EPA, 2016c) 
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CHAPTER 2 
BACKGROUND 
USources of Particulate Pollution 
Sources of particulate matter can be divided into two groups: point and nonpoint 
or area sources.  Point sources are stationary sources such as power stations or industrial 
facilities that have discrete emission sources.  Area sources include motor vehicles, 
aircraft, trains, open burning, and a variety of miscellaneous sources (Godish, 2004).  An 
area or nonpoint source is defined as a source whose emissions do not originate from a 
specific point (Ferguson, Downs, and Pfost, 1999). 
The chemical and physical properties of particulate matter vary greatly with time, 
region, meteorology, and source category (EPA, 1996) and can vary in size, shape, 
surface area, chemical composition, and origin (Pope and Dockery, 2006).  Particulate 
matter originates from a variety of natural and anthropogenic (man-made) sources.  
Natural sources of PM include volcanoes, forest fires, ocean spray, biologic sources 
(mold, pollen, bacteria) and meteoric debris.  The particles produced by natural sources 
are typically larger in size so it is believed that the majority of the fine particles in the 
atmosphere come from anthropogenic sources.  Combustion processes, such as vehicle 
use of gasoline and diesel, wood burning, coal burning, industrial processes, such as 
smelters, cement plants, paper mills, steel mills, and miscellaneous sources such as 
agricultural activities and fugitive emissions account for the majority of emissions from 
anthropogenic sources (Godish, 2004).   
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UFugitive Dust Emissions 
Dust generated from open sources through mechanical disturbances of granular 
material can contribute significant amounts of particulate matter to the atmosphere.  
Sources that do not discharge to the atmosphere in a confined stream are termed 
“fugitive”.   Fugitive dust is a type of nonpoint air pollution that originates in small 
quantities over large areas (Ferguson, Downs, and Pfost, 1999).  Some common fugitive 
dust sources include unpaved roads, agricultural tilling operations, aggregate storage 
piles, and heavy construction operations (EPA, 1995).  Open fields and parking lots, 
paved and unpaved roads, agricultural fields, construction sites, unenclosed aggregate 
storage piles, and material transfer systems are the major sources of fugitive dust.  Source 
apportionment studies conducted by Watson and Chow (1989 and 1991) showed that, on 
average, fugitive dust contributes about 40-60% of PMR10R and about 5-20% of PMR2.5R in 
the atmosphere.  They suggested the high amount of variability in the estimates could be 
attributed to the meteorological, physical, and chemical factors on which they are based.  
In a later study Watson, Chow, and Pace (2000) described several properties influencing 
fugitive dust emissions.  The main properties they identified were particle sizes, silt 
content, surface conditions, wind speeds, atmospheric and surface moisture, and the 
amount and type of activity at the site.  They also found emission rates and control 
measures to be closely related to these properties.   
The EPA (1995) has closely studied the fugitive dust generation process and 
found two physical phenomena that cause dust to be generated including, (1) 
pulverization and abrasion of surface materials by application of mechanical force 
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through implements (wheels, blades, etc.) and (2) entrainment of dust particles by the 
action of turbulent air currents, such as wind erosion of an exposed surface.  According to 
a study by Badr and Harion (2005), the generation of fugitive dust can result in loss of 
raw materials and energy (coal), negative environmental impacts, degradation of 
environmental air quality, and risks to human health. 
UAggregate Storage Piles 
Fugitive dust sources such as aggregate storage piles can contribute significantly 
to the total suspended particulate levels.  Inherent in operations that use minerals in their 
aggregate form is the maintenance of outdoor storage piles.  Storage piles are usually left 
uncovered, often due to the need for frequent material transfer in and out of storage.  The 
quantity of dust emissions from storage piles varies with the volume of aggregate passing 
through the storage cycle.  Emissions also depend on the condition of a storage pile 
including the age of the pile, the moisture content, and the size proportion of the 
aggregate. (EPA, 2006a) 
When aggregate is loaded onto the pile, the potential for dust emissions is at a 
maximum.  Fine particles can easily be broken off and released to the atmosphere.  As the 
pile weathers, the potential for dust emissions is greatly reduced.  Moisture causes 
aggregation and cementation of the fine particles to the larger particles.  Emissions are 
highest from storage piles under dry, windy conditions.  Total dust emissions result from 
several distinct source activities within the storage cycle: loading and unloading of 
aggregate, equipment traffic in the storage area, and wind erosion of pile surfaces and 
areas around the piles. (EPA, 2006a)       
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Dust emissions generated by wind erosion of open aggregate storage piles have 
been closely studied.  Field testing of coal piles and other exposed materials using a 
portable wind tunnel has shown aggregate material surfaces are characterized by finite 
availability of erodible material referred to as the erosion potential.  Any natural crusting 
of the surface binds the erodible material, thereby reducing the erosion potential.  These 
tests also provide evidence that average wind speeds are not sufficient to sustain wind 
erosion, however they have found wind gusts quickly deplete the availability of erodible 
materials.  Erosion potential has been shown to increase rapidly with increasing wind 
speed, therefore emissions should be related to the gusts of the highest magnitude. (EPA, 
2006b)  
Erosion events have also been studied by Badr and Harion (2005) who found 
several factors that influence the process of wind erosion from storage piles including the 
material’s bulk density, surface crust, moisture content, particle size distribution, pile 
geometry, wind speed and availability of erodible particles.  Of these, they found wind 
speed and the availability of erodible particles to be the most important.  Since most of 
the methods used in estimating emissions from storage piles directly or indirectly use the 
wind speed, it is necessary to make careful analysis of the localized wind speeds near 
stockpiles.  Badr and Harion (2007), found that storage piles present obstacles to the 
wind, causing speed and direction changes and generation of pressure gradients in the 
near surface flow field.  They determined that in order to understand the influence of 
airflow patterns on sediment transport and deposition over and around the obstacle an 
understanding of the flow of wind over storage piles is helpful. 
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UControl methods.U  A query of the EPA Reasonably Achievable Control 
Technology/Best Available Control Technology/Lowest Achievable Emission Rate 
Clearinghouse (RBLC) database for coal handling, processing, preparation, and cleaning 
activities (Process 90.011) identified the following as available control technologies: total 
enclosure of the process and exhaust to fabric filter baghouse, partial enclosures, crusting 
agents, water sprays and other dust suppressants, telescopic chutes or lowering tubes for 
product loading, physical covers, or a combination.  According to the EPA (1995) the 
most common control measures used for coal dust generally involve watering, chemical 
stabilization, or reduction of surface wind speed with wind breaks or source enclosures.   
The use of chemical agents (such as surfactants) has proven to be an effective 
technique for reducing emissions.  Continuous chemical treatment along with watering 
roadways has been shown to reduce total particulate emissions by up to 90 percent in 
some cases (EPA, 1974).   
According to a study completed by Blazek (2003), chemical dust suppression 
systems fall into four broad categories: water sprays with surfactant; foam; water spays 
with binders, humectants, and surfactants; and emulsions.  However, due to the 
hydrophobic nature of coal, dust suppression using chemical agents can be challenging.  
In order to operate a reliable chemical dust suppression system, proper planning, design, 
installation, operation, and maintenance are essential.  An effective dust suppressant must 
wet the surface of the coal, maintaining a moist environment that binds the dust particles 
to prevent regeneration of the dust.  The most effective dust suppression systems, often 
used for pile sealing, include polymer based emulsions.  Spraying polymer emulsions 
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allows for a crust to form on the surface of the coal pile, preventing dust from escaping or 
erosion by wind and water.   
UMonitoring Air Quality 
States and other agencies responsible for air quality compliance are required 
under the Clean Air Act to maintain a monitoring network to meet federal requirements.  
These requirements specify the number and type of monitors and frequency of sampling 
required for an area.  State and Local Air Monitoring Stations (SLAMS) are generally 
used for long-term monitoring efforts.  One of the main purposes of the monitoring 
network is to provide information from the monitors that can be compared to the federal 
air standards. (EPA, 2016d)   
UParticulate Pollution in Iowa 
The Iowa Department of Natural Resources (DNR) ambient air monitoring group 
organizes and plans monitoring activities within the State of Iowa.  The Iowa DNR 
contracts with the University of Iowa State Hygienic Laboratory to collect monitoring 
data, to maintain quality assurance, and to report the data to the public.  Ambient air 
monitoring staff also perform data analysis, help locate monitors, and participate in state 
and national monitoring work groups.  Based on EPA’s population based monitoring 
requirement, the Waterloo-Cedar Falls area is required to have one PMR2.5R monitor (no 
requirement for PMR10R).  In 2008, the required PMR2.5R monitor for the Waterloo-Cedar 
Falls area was located on the roof of the Grout Museum in Waterloo, approximately 7 
miles from the coal pile used in this study.  This monitor utilized a non-continuous filter 
sampler from which PMR10 Rand PMR2.5 Rsamples were collected every third day.  On January 
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1, 2012 the monitors located at the Grout Museum were moved to the Waterloo Water 
Tower site approximately 1.5 miles east of the Grout Museum site (DNR, 2011).  The 
data used for this study were data collected when the monitors were located at the Grout 
Museum.  
Data collected from monitors across the state of Iowa are reviewed annually and 
compared with the National Ambient Air Quality Standards.  According to the 
Environmental Report Card released by the Iowa DNR in April 2009, statewide levels of 
fine particulate matter are a cause for concern.  The report stated that although particulate 
levels dropped 5 percent from previous years, federal standards were exceeded 69 times 
between 2006 and 2008. (Iowa DNR, 2009a)  
In 2008 alone there were a total of 25 NAAQS exceedances in Iowa, all of which 
were associated with the PMR2.5R 24-hour standard.  Figure 4 shows the monitor locations 
that measured NAAQS exceedances in 2008, while Table 3 shows the concentration 
levels and exceedance dates.  Between 2005 and 2007 fine particulate levels in Black 
Hawk County rose to levels unhealthy for sensitive groups six times.  Figure 5 shows the 
highest 24-hour value (expressed as a percentage of the 35.5 μg/mP3P 24-hour NAAQS), 
and the annual average (expressed as a percentage of the 15.05 μg/mP3P annual NAAQS) 
for each PMR2.5R monitor operated in 2008. (Iowa DNR, 2008).   
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Figure 4: Iowa NAAQS PMR2.5R Exceedance Locations (Iowa DNR, 2008)
Table 3: 2008 Iowa NAAQS PMR2.5R Exceedance Concentrations (Iowa DNR, 2008)
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UDesign valuesU.  In addition to utilizing the data collected from the state monitors 
to review compliance with the NAAQS, the data collected are also used to develop 
design values for the state.  The Iowa DNR analyzes the data collected from the monitors 
around the state to determine design values.  The design value for the 24-hour PMR2.5R 
standard is a three-year average of the annual 98th percentile values measured at a 
monitoring site.  In 2008, the median PMR2.5R 24-hour design value for state as well as for 
the individual monitor located in Waterloo was 28 µg/m³. (Iowa DNR, 2009b)   
Figure 5: Comparison of 2008 PM2.5 Data with NAAQS (Iowa DNR, 2008) 
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Design values are also used by the DNR air dispersion staff to determine 
background concentrations.  Background concentrations are added to dispersion 
modeling results for comparison with the NAAQS.  In 2008, the 24-hour averaging 
period background concentration for Waterloo used by the Iowa DNR air dispersion 
modeling team was 47.5 µg/m³ for PMR10R (derived from 2003-2005 data).  Although 
PMR2.5R was not modeled in 2008, DNR staff stated the 24-hour design value would have 
been used which was 28 µg/m³. (Iowa DNR, 2009b)   
UQuantifying Pollutant Emissions 
Particulate matter emissions from a variety of sources may be estimated through 
many different techniques.  The four major techniques for estimating emission rates are 
direct measurement, material balance, emission factors and engineering equations.  Direct 
measurement of air emission rates involves collecting a representative sample and 
performing an analysis to measure the concentration of the compound of interest, as was 
done with particulate matter in this study. (Karell, 2017)   
Air pollutant emission factors are used to facilitate estimation of emission from 
various sources of air pollution.  These factors are representative values that attempt to 
relate the quantity of pollutant released to the atmosphere with a specific activity which 
generates that pollutant.  Emission factors are typically expressed as the weight of the 
pollutant divided by a unit weight, volume, distance or duration of the activity emitting 
the pollutant.  In most cases, emission factors are averages of all available data and are 
assumed to be representative of long-term averages for all facilities in the source 
category. (AP-42, 1972)   
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The general equation for emission estimation is shown in Equation 1. (EPA, 
1995) 
 E = A x EF x (100-ER/100)             (1) 
  Where: E = Emissions 
    A = Activity Rate 
    EF = Emission Factor 
    ER = Overall Emission Reduction Efficiency (%) 
 
The emission factor for coal storage piles includes the effects of: mean wind 
speed, percent of time the wind velocity is greater than 12 mph, dry days per year, and 
silt content of the coal.  
UEPA Published Emission Factors 
In 1989, the EPA published an annual TSP emission factor equation for wind 
erosion from storage piles.  The emissions from the coal storage pile in this study were 
estimated using Equation 2.   
  EF = 1.7*(s/1.5)*(f/15)*((365-p)/235)*k           (2) 
  Where: EF = TSP Emission Factor, lb/day/acre of surface 
      s = material silt content 
      f = percent of time the unobstructed wind speed exceeds 12 mph 
      p = number of days with at least 0.01 inch of precipitation 
      k = particle size multiplier (TSP =1, PMR10R =0.5, PMR2.5R = 0.075)  
 
The material silt content and the number of days with at least 0.01 inch of precipitation 
were taken from Chapter 13 of AP-42, an EPA compilation of emission factors.  Table 4 
identifies the average silt content for the coal, as received, at coal-fired power plants as 
2.2%.  Using the information from Figure 6 the mean number of days with at least 0.01 
inch of precipitation for the study area is approximately 108 days.  The percent of time 
the unobstructed wind speed exceeds 12 mph was determined using the International 
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Station Meteorological Climate Summary Version 2.0.  Utilizing the information from 
this software the value used for the study area was determined to be 37%.     
 
 
Table 4: Typical Silt and Moisture Contents of Materials at Various Locations 
(EPA, 2006a) 
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Figure 6: Mean Number of Days with 0.01 Inch or More of Precipitation in the United 
States (EPA, 2006b) 
  
 
The Factor Information Retrieval (FIRE) Data System is a database management 
system containing EPA's recommended emission estimation factors for criteria and 
hazardous air pollutants. FIRE includes information about industries and their emitting 
processes, the chemicals emitted, and the emission factors themselves. FIRE allows easy 
access to criteria and hazardous air pollutant emission factors using Source Classification 
Codes (SCCs).  SCCs are codes defined by the EPA that classify air emission sources by 
individual processes and/or operations.  The SCC number assigned to open storage piles 
is 30501043.  The PMR10R emission factor for open storage piles listed in FIRE is 17,060 
lb/acre-year. 
EPA (2006b) has also developed a predictive emission factor equation for wind-
generated particulate emissions from erodible and non-erodible surfaces that is based on 
25 
 
the number of disturbances per year and the erosion potential.  Particulate matter 
emissions from the coal pile in this study were estimated using the EPA approved 
emission factors. A detailed discussion and the results of these calculations can be found 
in Appendix A.  
UParticle Size DistributionU   
Particle size distribution tables found in EPA’s compilation of emission factors, 
AP-42, can be used to extrapolate emissions for various size particles.  Table B.2.2 
Category 3 provides a particle size distribution for material handling and processing of 
aggregate and unprocessed ore.  Figure 7 shows PMR10R as 51% of the TSP and PMR2.5R as 
15% of TSP.   
 
 
 
Figure 7: AP-42 Particle Size Distribution  
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CHAPTER 3 
STUDY 
URationale and Hypothesis 
Given the importance of fugitive emissions to the overall particulate concentration 
in the atmosphere, it is necessary to better understand how atmospheric conditions impact 
the particulate matter emissions from aggregate storage piles.  With fugitive dust 
contributing about 40-60% of PM in the atmosphere, the need to implement effective 
control strategies is apparent.   
The hypothesis being tested in this study is that the primary source of the 
particulates collected by air samplers setup in close proximity to a coal storage pile was 
the pile itself. 
UScope and Study Location 
To analyze the impacts meteorological conditions (i.e., moisture, wind speed, 
wind gusts, and wind direction) have on particulate matter concentrations measured near 
a coal storage pile, sophisticated equipment was used to measure and monitor particulate 
concentrations and weather data. 
The coal storage pile selected for sampling is located on the campus of the 
University of Northern Iowa (UNI) at the University Power Plant, in the northeast Iowa 
town of Cedar Falls.  The UNI Power Plant is located on the west edge of the campus, 
and generates steam and electrical power providing energy for lighting, heating and 
cooling systems for campus buildings.  The co-generation plant uses four boilers with a 
total steam capacity of 345,000 pounds/hour to produce 689 million pounds of steam 
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annually.  The UNI campus uses 59.2 million kilowatt-hours of electricity each year.  The 
UNI Power Plant produces 41% of the electricity, the remaining 59% electrical usage is 
purchased from the local utility (Cedar Falls Utilities). (UNI, 2018)  
This location was selected for the study based on accessibility and security issues.  
As shown in Figure 8, the coal pile is situated west of the power plant and directly south 
of an apartment complex.  Vegetation, trees and shrubs were planted in the area between 
the coal storage pile and the apartment complex.  A gravel road and agricultural fields are 
located to the west and south.  The data collection for this study took place from July 30, 
2008 to October 11, 2008.  
 
 
Figure 8: Aerial View of the Coal Storage Pile (UNI, Cedar Falls, Iowa) 
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U NI Power Plant Coal Usage 
At the time of the study the UNI Power Plant was consuming approximately 
32,000 tons of coal per year.  Coal was delivered to the power plant via truck nearly 
every day and was used as it was delivered.  This delivery and usage method is referred 
to as just in time delivery.  In addition to daily delivery the power plant maintained a 
15,000 ton coal storage pile.  Since the coal from the storage pile was rarely used, a 
protective polymer emulsion barrier was sprayed on the pile and on occasion a tarp was 
used.  Tarps were not in use during this study.  In addition to the polymer emulsion 
sprayed on the pile, it was general practice for the roads and delivery area, located 
immediately east of the storage pile to be sprayed with water or oil daily unless it had 
recently rained or was raining. 
The overall dimensions of the 0.53 acre storage pile at the time of the study are 
shown in Table 5.  
 
Table 5: UNI Power Plant Coal Storage Pile Dimensions 
Height 
(ft) 
Overall 
Length (ft) 
Overall 
Width (ft) 
Angle of 
repose ° 
Radius 
(ft) 
Footprint 
Area (ftP2P) 
Surface 
Area (ftP2P)  
41 191 186 32 57.45 35526 23111.00  
      0.53 Acres 
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The UNI Power Plant has an air quality construction permit issued by the Iowa 
Department of Natural Resources for the coal storage processes at the facility.  Within the 
permit it states the following:  
Fugitive emissions shall be controlled by applying a dust suppressant and/or using 
a tarp.  A control efficiency of 95% shall be maintained. UNI may elect to use any 
dust suppressant or combination of dust suppressant and tarp that is capable of 
achieving the 95% control efficiency.  
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CHAPTER 4 
MATERIALS AND METHODS 
UEquipment 
To conduct this study, the following equipment was used: a portable particulate 
matter air sampler to collect particulate matter samples near the coal pile, a microbalance 
for weighing the filters used with the air sampler, a desiccator used to equilibrate the 
filters, and a weather station and rain gauge used to collect meteorological data from the 
sampling location.  
UAir Sampler 
 Particulate matter samples were collected using the Air Metrics MiniVol Tactical 
Air Sampler (Figure 9).  The MiniVol is a portable ambient air sampler that samples 
ambient air for particulate matter (PMR10R, PMR2.5R, and TSP) at 5 liters/minute.  The low 
flow technology used in the MiniVol was developed jointly with the U.S. EPA in an 
effort to address the need for portable air sampling. Although the sampler is not a 
reference method sampler, the mass concentrations of the MiniVol gives results that 
closely agree with Federal Reference Method samplers concentrations.  The sampler 
features a 7-day programmable timer allowing for unattended start-up and shut down, a 
constant flow control system, an elapsed time totalizer, low battery indicator and shut off, 
low flow rate indicator and shut off, rechargeable battery packs, and an all-weather 
enclosure (Air Metrics, 2008). Operation and maintenance procedures used were in 
accordance with guidelines recommended by the manufacturer.  
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Figure 9: Air Metrics MiniVol Tactical Air Sampler 
 
In 2001, an independent performance evaluation of the MiniVol air sampler was 
completed.  The evaluation looked at the reliability, precision, and comparability of the 
portable MiniVol PMR10R and PMR2.5R sampler under typical ambient conditions.  The results 
of their evaluation showed that the sampler operated reliably and yielded statistically 
similar concentration measurements when co-located with another MiniVol.  The study 
also found that the MiniVol produced statistically comparable results when co-located 
with a Dichotomous Sampler as well as a continuous mass sampling system.  In summary 
they stated, the characterization of spatial distributions of PMR10R and PMR2.5R mass 
concentrations with the MiniVol can be produced with a high level of confidence. 
(Baldauf, Lane, Marotz, and Wiener, 2001)       
 The MiniVol air sampler can be configured to collect PMR10R, PMR2.5R, or TSP, one at 
a time.  The MiniVol draws ambient air through cascade impactors to achieve particle 
size separation and sample for either PMR10R or PMR2.5R.  Operating the sampler without an 
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impactor allows for collection of TSP.  In the particulate matter sampling mode, air is 
drawn through a particle size separator and then through a 47 mm filter medium.  Critical 
to the collection of the correct particle size is the correct flow rate through the impactor.  
For the MiniVol, the actual volumetric flow rate must be 5 liters per minute (Air Metrics, 
2008).   
 Cascade impactors consist of a number of impactor stages connected in series 
with smaller and smaller nozzle openings. The nozzle opening in each stage depends on 
the flow rate of the air and geometry of the stage.  The MiniVol utilizes one impactor 
stage when sampling for PMR10R and two stages when sampling for PMR2.5R.  Some cascade 
impactors can have up to ten stages ranging from a cut-off diameter on the first stage of 
10 – 30 µm to a diameter of 0.1 µm or lower.  The schematic for a typical cascade 
impactor is shown in Figure 10.  As air is pulled through, particles that remain in the flow 
are ultimately collected on a filter, which allows for chemical or gravimetric analysis. 
Some drawbacks of this type of particulate collection include the risk of bounce off from 
one stage to the next.  However, coating the impaction plates with grease (as used with 
the MiniVol), oil, or some other sticky substance, which catches the particles more 
effectively, can reduce the risk of bounce off (EPA, 2009).  
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Figure 10: Cascade Impactor Schematic Design                                                            
(Lagzi, Meszaros, Gelybo, and Leelossy, 2013)
UMicrobalance
Gravimetric analysis was used in determining the concentration of particulate 
matter collected by the sampler.  A Mettler Toledo MX5 microbalance (Figure 11)
equipped with a filter weighing kit was used.  The maximum capacity of the 
microbalance is 5.1g with a readability of 1 μg. The balance was equipped with a glass 
draft shield with a motorized opening which allowed for precise weighing along with a
fully automatic calibration adjustment. (Mettler Toledo, 2004)
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Figure 11: Mettler Toledo MX5 Microbalance, (Mettler Toledo, 2011) 
 
UDesiccator 
 A desiccator is a sealed enclosure containing a drying agent used to preserve 
moisture sensitive items.  Filters used in this study equilibrated before initial and final 
weighing for a minimum of 24 hours to ensure water vapor that may have been absorbed 
was removed.  Filters were placed in a desiccator before they were placed into the filter 
holder assembly and taken into the field and again after the filter holder assembly was 
brought back to the lab prior to being weighed using the microbalance.   
UWeather Station 
 Two HOBO weather stations were used to monitor and log meteorological 
conditions as particulate matter was collected.  The weather stations included sensors 
used to measure temperature, humidity, wind speed, and wind direction.  The data logger 
was setup to sample every second and to log every ten minutes.  For temperature, 
humidity, wind speed, and wind direction the data logger averaged all of the samples 
taken during the ten minute period and logged that number.  The weather station also 
monitored the gust wind speed, logging the maximum speed monitored during the ten 
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minute sampling period.  Table 6 shows a sample readout downloaded from the HOBO 
weather station.  
 
Table 6: Sample Readout from HOBO Weather Station 
# 
Time, GMT-
05:00 
Temp 
(°F) 
RH 
(%) 
Wind Speed 
(mph) 
Gust Speed 
(mph) 
Wind 
Direction (°) 
1 7/28/2008 12:00 78.822 45.2 0 21.16 299 
2 7/28/2008 12:10 79.831 72.4 4.99 8.72 143.2 
3 7/28/2008 12:20 79.392 71 4.99 9.13 139 
4 7/28/2008 12:30 80.361 70 4.99 9.95 154.4 
5 7/28/2008 12:40 79.347 70.8 4.99 8.72 165.7 
6 7/28/2008 12:50 80.404 70.8 3.74 7.9 134.8 
7 7/28/2008 13:00 81.333 68.6 4.16 7.9 162.9 
8 7/28/2008 13:10 80.935 68.6 4.56 7.9 160 
9 7/28/2008 13:20 82.218 68.2 2.91 7.47 162.9 
10 7/28/2008 13:30 82.62 66.5 3.74 7.9 160 
 
 
 
URain Gauge 
Precipitation was also monitored during the study using a RG3 data logging rain 
gauge.  The rain gauge used a tipping mechanism to measure precipitation.  For every 
0.01 inch of precipitation that fell, the mechanism would tip.  Each tip was counted and 
logged so when data was downloaded from the rain gauge, information about 
precipitation at the site of sampling was available.  Table 7 shows a sample readout 
downloaded from the RG3 rain gauge.  The column with the heading Ext. Line Event is 
counting the number of tips being logged, with each tip representing 0.01 inches of 
precipitation.  For the 30 minutes shown below, a total of 0.19 inches of precipitation fell. 
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Table 7: Sample Readout from Rain Gauge 
Time, GMT-05:00 Temp, °F Batt, V Ext. Line Event 
8/9/2008 2:30 66.366 3.03   
8/9/2008 2:40 66.537 3.03   
8/9/2008 2:47     19 
8/9/2008 2:47     20 
8/9/2008 2:48     21 
8/9/2008 2:48     22 
8/9/2008 2:48     23 
8/9/2008 2:48     24 
8/9/2008 2:49     25 
8/9/2008 2:49     26 
8/9/2008 2:50 66.366 3.03   
8/9/2008 2:50     27 
8/9/2008 2:51     28 
8/9/2008 2:52     29 
8/9/2008 2:53     30 
8/9/2008 2:53     31 
8/9/2008 2:54     32 
8/9/2008 2:56     33 
8/9/2008 2:57     34 
8/9/2008 2:58     35 
8/9/2008 2:58     36 
8/9/2008 2:59     37 
8/9/2008 3:00 64.825 3.03   
 
 
 
The data from the weather station logger and from the rain gauge was 
downloaded several times throughout the research period.  The information collected 
from the data loggers was exported from the Hoboware Pro software to an Excel file 
allowing for analysis of the data. 
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USampling Procedures 
Sampling procedures for the collection of particulate matter closely followed the 
sampling procedures listed in the Code of Federal Regulations (CFR).  Sampling for TSP 
followed the procedures listed in Appendix B of 40 CFR Part 50.  Sampling for PMR10R 
followed the procedures listed in Appendix J 40 CFR Part 50 and sampling for PMR2.5R 
followed the procedures listed in Appendix L 40 CFR Part 50.   
Prior to sampling, filters were numbered and placed in a desiccator for 24 hours to 
equilibrate the filter.  While the filter was in the desiccator, the filter holder assembly for 
the sampler was prepared.  Preparation of the assembly was required for sampling of 
PMR2.5 Rand PMR10R.  In sampling for the smaller sized particles, particle size separators with 
impaction plates were required within the assembly, as shown above in Figure 10.  A thin 
layer of grease was spread on the impaction plates to help reduce bounce off, as 
previously discussed.  The layer of grease on the impaction plate was changed about once 
a week to maintain effectiveness.   
Immediately after a filter was removed from the desiccators it was weighed using 
the microbalance.  The pre-sampling weight of the filter was recorded on a log and the 
filters were placed in a filter cassette within the filter holder assembly to be taken into the 
field.  Filter holder assemblies were transported to the field in a clean plastic bag to avoid 
contamination.   
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UMonitor Setup 
At the UNI coal storage pile location, two individual weather station and air 
sampler setups were used.  One monitoring station was placed to the south of the coal 
storage pile between the coal pile and the gravel road and the other monitoring station 
was placed to the north of the coal storage pile (west of a small building) between the pile 
and a fence and vegetation (trees, shrubs, etc.) separating the power plant from the 
apartment complex (see Figure 12).    
 
 
Figure 12: Location of the Monitoring Stations 
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The placement of the monitors along a north-to-south axis was based on the 
prevailing winds in the area during the summer months.  The wind roses in Figure 13 
show a historical representation (from 1970 to current) of the prevailing wind directions 
at the Waterloo Airport for the months of August and September (the months in which 
the majority of the data was collected for this study).  These figures show the prevailing 
wind direction as southerly.  Accessibility and security of the monitors were also factors 
in selecting the location. 
    
 
Figure 13: Historical Wind Roses for the Months of August and September at the 
Waterloo Airport (Iowa State University, 2018) 
 
Each monitoring station included an air sampler – positioned 7.5 feet above the 
ground, a weather station and rain gauge, as shown in Figure 14.  The anemometer, wind 
speed gauge, was positioned 8.5 feet above the ground. Each setup was secured, sandbags 
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were used for the sampler on the south side of the pile and ropes and anchors were used 
for the sampler positioned on the north side of the pile.   
 
 
Figure 14: Weather Station and Air Sampler Setup 
 
USampling 
Once in the field a battery pack was inserted into the sampler and the unit was 
turned on to checked for leaks and then turned off.  The filter holder assembly that had 
been prepared in the lab was placed on the sampler and the sampler was turned on.  With 
the sampler running the flow rate was adjusted to 5.0 liters/minute (lpm).  Information 
such as the date, filter number, start time, flow rate, and beginning time on the time 
totalizer were recorded on the field data log sheet.  Once the sampler had run for a minute 
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and the flow rate showed 5.0 lpm, the sampler was turned off and a timer was set to 
automatically start at noon and run for 23.5 hours or until 11:30 a.m. the next day.     
After the sampler shut off at 11:30 a.m. and before it started again at noon, the 
sampler was serviced.  During this time period the sampler was turned back on to check 
the ending flow rate and the ending time on the time totalizer.  This was done to ensure 
the sampler ran for the entire sampling period and the flow rate remained at 5.0 lpm.  The 
ending flow rate and time on the time totalizer along with the ending time were recorded 
on the field data log sheet.  A summary of the data collected while in the field can be 
found in Appendix B.   
The filter holder assembly was removed and placed in a clean plastic bag to avoid 
contamination.  After this the battery was changed and the filter holder assembly was 
replaced with a new assembly including a clean filter.  The same procedures listed above 
were followed to prepare the sampler for the next sampling period.  The filter holder 
assembly was transported back to the lab in the upright position.   
ULab Procedures 
Once back in the lab, the filter was removed with tweezers from the filter cassette 
and placed in a desiccator for 24 hours to equilibrate.  A log was maintained to ensure 
each filter was in the desiccator for at least 24 hours.  After 24 hours in the desiccator, the 
filters were weighed using the microbalance.  To ensure accuracy, each filter was 
weighed until the balance made two identical readings. This usually took only two 
measurements.  The post-sampling weight of the filter along with the date, time and filter 
number were recorded on a log.   
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UQuality Control 
To ensure the laboratory, transport, and field methods did not contaminate 
samples, a quality control experiment was performed.  The above procedures were 
followed with the exception of running the sampler.  A filter was prepared in the lab as 
described and was then transported to the field.  The assembly containing the filter was 
placed on the sampler and left for 23.5 hours without the sampler running.  The assembly 
was then collected and brought back to the lab and handled as described.  After analyzing 
the weight of the filter before it was in the field and then again after it had been in the 
field, the microbalance showed the weight of the filter had not changed.    
UData Collection 
 The data collection for this study took place from July 29, 2008 to October 11, 
2008.  During this period, the weather stations and rain gauges were constantly collecting 
data.  With a few exceptions, the particulate air samplers, one on the north side of the 
coal pile and one on the south side of the coal pile, started on Mondays at noon.  The 
sampler would run for 23.5 hours ending the next day 11:30 a.m.  Each sampler was 
serviced and prepared for the next sampling period.  Table 8 identifies the start date, end 
date, particulate size that was sampled and the total number of samples collected.   
 
Table 8: Particulate Matter Sampling Dates 
 Particulate Matter Sampling Dates 
 Start Date End Date Start Date End Date No. of Samples 
TSP 7/29/2008 8/9/2008 10/7/2008 10/11/2008 13 x 2 = 26 
PMR10 8/11/2008 8/22/2008 9/23/2008 10/4/2008 15 x 2 = 30 
PMR2.5 8/25/2008 9/20/2008     17 x 2 = 34 
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 The data collection period consisted of 45 potential sampling days with 90 
potential samples collected between the two samplers.  Twelve MiniVol mechanical 
failures occurred during the sampling period and one operator failure occurred.  The total 
sample collection success rate during this study was 85.5% (77 total samples collected 
out of 90). The most common mechanical failure was battery failure causing the sampler 
to not run at all or to run less than 23.5 hours.      
 In addition to the meteorological data collected locally using the HOBO weather 
station, regional meteorological data from the Waterloo Airport (approximately 5 miles 
from the sampling location) and from a location on campus were used.   
Decoded surface weather observations from the Waterloo Airport were 
downloaded from the University of Wyoming Department of Atmospheric Science 
Surface Observations website.   For a few of the days during the sampling period surface 
observations were not available for the Waterloo Airport.  When this data was not 
available, data from the Latham Hall rooftop weather station at UNI was used.   
UParticulate Matter Concentration Calculation 
As outlined in the User’s Guide for the Airmetrics MiniVol (2008) air sampler, 
the following method was used to determine the particulate matter concentration of each 
sample collected.  The following series of equations were used.   
First the flowrate at the actual calibration conditions (QRactR) was determined using 
Equation 3.   
QRact R= (mRvol Rx QRind R+ bRvolR) x √(PRstdR/PRactR x TRactR/TRstdR)          (3) 
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Each individual MiniVol sampler was subject to a calibration procedure used by 
Airmetrics where each flowmeter was calibrated against a standard.  The calibration 
sheets provided with each unit identify linear regression results with a best fit line of the 
flowrate, as indicated on the sampler (QRindR), to the flowrate, at standard conditions.  The 
results of this linear regression best fit line identify the slope (mRvolR) and intercept (bRvolR).    
 The standard pressure (PRstdR) and standard temperature (TRstdR) used were 760 
mmHg and 298 K respectively.  The actual station pressures (PRactR) were calculated using 
the sea level pressure data from the Waterloo Airport for each sampling period.  The 
actual temperature value used was the average temperature during the sampling period 
taken from the weather station at the location.  
Once the flow rate at ambient conditions (QRactR) was calculated, the volume of air 
(cubic meters) that passed through the filter during the sampling period at actual ambient 
condition (VRactR) was calculated using Equation 4.  
VRactR = U60 min/hr x QURUactURU x tURUhrU                      R(4)R  
                   1000 Rl/m3           
In this equation, time (tRhrR) is expressed in hours the sampler ran (typically 23.5 hours). 
 Finally, to calculate the concentration of particulate matter for each individual 
sample, Equation 5 was used.  
 PMRactR = MRPMR / VRact R                   (5) 
The mass of the sample collected (MRPMR) in micrograms divided by the volume of air 
passed through the filter (mP3P) resulted in a final concentration value in micrograms per 
cubic meter. Table 9 summarizes the particulate matter concentrations (µg/m³) measured 
in this study.  
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Table 9: Summary of 24-hour Particulate Concentrations (µg/m³) 
  PMR2.5 PMR10 TSP 
  mean Max mean max mean max 
North 
Sampler 
7.687 17.069 26.937 48.636 47.689 97.213 
South 
Sampler 9.819 18.733 34.486 77.827 69.387 170.022 
 
 
 
UWind Rose 
 In order to analyze the wind direction for each sampling period, wind roses were 
created.  A wind rose is a diagram depicting the frequency of winds in each specified 
wind direction and wind speed classes for a specific location and time period.  Wind rose 
were created for each sampling time period using the data collected from each of the 
HOBO weather stations.  Wind roses for this study were created using Lakes 
Environmental WRPlot View.  All the wind roses created and used within this study can 
be found in Appendix C.  (Lakes Environmental, 2018)   
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CHAPTER 5 
RESULTS 
UParticulate Matter Samples 
 From July 29, 2008 to October 11, 2008 a total of 90 particulate matter samples 
were collected from two Air Metrics MiniVol air samplers.  Data collected in the field are 
summarized in Table 10 (TSP), Table 11 (PMR10R), and Table 12 (PMR2.5R) along with the 
parameters used to calculate the concentration for each sample collected.  Those 
parameters include the mass of the particulate sample, the average temperature taken 
from the corresponding weather station and the average sea level pressure from the 
Waterloo airport converted to station pressure for the sampling period.  Note: instrument 
errors (resulting in a run time less than 17 hours) and unavailable pressure values resulted 
in incomplete data for several samples; these are struck out and were not used in the 
analysis.  
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Table 10: TSP Sampling Summary 
TSP - North Coal Pile      
Sample 
# Start Date Stop Date 
Run 
Time 
Flow 
Rate 
Temp 
(K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 7/29/2008 7/30/2008 23.5 5 297.5292 978.5401 178 50 
2 7/30/2008 7/31/2008 23.5 5 298.5695 977.4544 280 52 
3 7/31/2008 8/1/2008 23.5 5 298.6871 978.2887 284 54 
4 8/1/2008 8/2/2008 23.5 5 295.8096 982.2874 645 56 
5 8/4/2008 8/5/2008 23.5 5 298.3409 982.3001 253 58 
6 8/5/2008 8/6/2008 23.5 5 294.8933 987.2691 383 60 
7 8/6/2008 8/7/2008 23.5 5 294.5116 987.1096 275 62 
8 8/7/2008 8/8/2008 23.5 5 293.7339 987.4116 725 64 
9 8/8/2008 8/9/2008 23.5 5 295.1369 983.9628 336 66 
10 10/7/2008 10/8/2008 23.5 5 282.9385 980.8746 67 132 
S11 
S10/8/2008 S10/9/2008 S0.0 S5 S286.4473 S983.3695  S134 
12 10/9/2008 10/10/2008 23.5 5 285.7050 987.4704 239 136 
13 10/10/2008 10/11/2008 23.5 5 290.5344 986.7753 600 138 
 
TSP - South Coal Pile   
  
Sample 
# Start Date Stop Date  
Run 
Time 
Flow 
Rate 
Temp 
 (K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 7/29/2008 7/30/2008 23.5 5 297.3309 978.5401 386 51 
2 7/30/2008 7/31/2008 17.7 5 298.4283 977.4544 203 53 
3 7/31/2008 8/1/2008 23.5 5 298.4484 978.2887 587 55 
4 8/1/2008 8/2/2008 22.5 5 295.5518 982.2874 449 57 
5 8/4/2008 8/5/2008 23.5 5 298.1115 982.3001 245 59 
S6 
S8/5/2008 S8/6/2008 S13.2 S5 S294.8094 S987.2691 S291 S61 
7 8/6/2008 8/7/2008 23.5 5 294.2736 987.1096 355 63 
8 8/7/2008 8/8/2008 23.5 5 293.4088 987.4116 748 65 
S9 
S8/8/2008 S8/9/2008 S13 S5 S294.9350 S983.9628 S339 S67 
S10 
S10/7/2008 S10/8/2008 S0.0 S5 S282.8121 S980.8746  S133 
S11 
S10/8/2008 S10/9/2008 S0.0 S5 S286.1472 S983.3695  S135 
12 10/9/2008 10/10/2008 23.5 5 285.8062 987.4704 255 137 
13 10/10/2008 10/11/2008 23.5 5 290.1326 986.7753 1266 139 
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Table 11: PMR10R Sampling Summary 
PMR10R - North Coal Pile        
Sample 
# Start Date Stop Date  
Run 
Time 
Flow 
Rate 
Temp 
(K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 8/11/2008 8/12/2008 23.5 5 293.4127 982.6126 158 68 
2 8/12/2008 8/13/2008 23.5 5 292.1490 979.9076 159 70 
3 8/13/2008 8/14/2008 23.5 5 296.0726 980.7138 303 72 
4 8/14/2008 8/15/2008 23.5 5 293.5269 986.3767 137 74 
5 8/15/2008 8/16/2008 23.5 5 292.3945 991.8311 112 76 
6 8/18/2008 8/19/2008 23.5 5 296.1468 985.2190 248 78 
7 8/19/2008 8/20/2008 23.5 5 297.4489 987.3910 365 80 
S8 
S8/20/2008 S8/21/2008 S1.7 S5 S296.3216 S985.5811 S27 S82 
9 8/21/2008 8/22/2008 23.5 5 294.3398 981.5774 118 84 
10 9/23/2008 9/24/2008 23.5 5 294.5532 991.1834 190 120 
S11 
S9/24/2008 S9/25/2008 S0 S5 S290.9421 S994.4498  S122 
12 9/25/2008 9/26/2008 23.5 5 293.2952 991.0600 256 124 
13 9/30/2008 10/1/2008 23.5 5 285.5659 985.4080 115 126 
14 10/2/2008 10/3/2008 23.5 5 284.9917 981.9873 231 128 
15 10/3/2008 10/4/2008 23.5 5 284.0524 988.6371 216 130 
 
PMR10R - South Coal Pile      
  
Sample 
# Start Date Stop Date  
Run 
Time 
Flow 
Rate 
Temp 
(K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 8/11/2008 8/12/2008 23.5 5 293.0733 982.6126 145 69 
S2 
S8/12/2008 S8/13/2008 S0 S5 S292.1354 S979.9076  S71 
3 8/13/2008 8/14/2008 23.5 5 295.7428 980.7138 340 73 
S4 
S8/14/2008 S8/15/2008 S9.1 S5 S293.3459 S986.3767 S272 S75 
5 8/15/2008 8/16/2008 23.5 5 292.0005 991.8311 101 77 
6 8/18/2008 8/19/2008 23.5 5 295.9575 985.2190 285 79 
7 8/19/2008 8/20/2008 23.5 5 297.1372 987.3910 287 81 
8 8/20/2008 8/21/2008 23.5 5 296.0145 985.5811 585 83 
S9 
S8/21/2008 S8/22/2008 S0 S5 S294.1164 S981.5774  S85 
10 9/23/2008 9/24/2008 23.5 5 294.2738 991.1834 314 121 
S11 
S9/24/2008 S9/25/2008 S5.2 S5 S290.2940 S994.4498  S123 
12 9/25/2008 9/26/2008 23.5 5 292.7768 991.0600 238 125 
13 9/30/2008 10/1/2008 23.5 5 285.3554 985.4080 118 127 
14 10/2/2008 10/3/2008 23.5 5 284.8027 981.9873 221 129 
15 10/3/2008 10/4/2008 22.1 5 283.7609 988.6371 192 131 
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Table 12: PMR2.5R Sampling Summary 
PMR2.5R - North Coal Pile        
Sample 
# Start Date Stop Date  
Run 
Time 
Flow 
Rate 
Temp 
(K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 8/25/2008 8/26/2008 23.5 5 291.8834 986.4840 63 86 
2 8/26/2008 8/27/2008 23.5 5 292.4807 983.1061 87 88 
3 8/27/2008 8/28/2008 23.5 5 295.1048 978.2734 127 90 
4 8/28/2008 8/29/2008 23.5 5 294.0044 981.2083 40 92 
5 8/29/2008 8/30/2008 23.5 5 293.7066 986.3488 35 94 
S6 
S9/2/2008 S9/3/2008 S23.5 S5 S292.0222  S45 S96 
7 9/3/2008 9/4/2008 23.5 5 289.5607 985.8865 15 98 
8 9/4/2008 9/5/2008 23.5 5 284.9916 981.7813 7 100 
9 9/5/2008 9/6/2008 23.5 5 287.8775 984.9815 39 102 
10 9/9/2008 9/10/2008 23.5 5 287.5214 989.5927 48 104 
11 9/10/2008 9/11/2008 23.5 5 291.0467 985.7888 78 106 
12 9/11/2008 9/12/2008 23.5 5 293.4320 982.4683 62 108 
13 9/12/2008 9/13/2008 23.5 5 292.0820 978.1385 36 110 
14 9/16/2008 9/17/2008 23.5 5 291.4320 989.1570 41 112 
15 9/17/2008 9/18/2008 23.5 5 294.3998 991.3820 80 114 
16 9/18/2008 9/19/2008 23.5 5 293.7092 990.3937 76 116 
17 9/19/2008 9/20/2008 23.5 5 292.7141 988.6783 125 118 
 
PMR2.5R - South Coal Pile      
  
Sample 
# Start Date Stop Date  
Run 
Time 
Flow 
Rate 
Temp 
(K) 
Pressure 
(mb) 
Mass 
(µg) 
Filter 
No. 
1 8/25/2008 8/26/2008 23.5 5 291.5111 986.4840 71 87 
2 8/26/2008 8/27/2008 23 5 292.1809 983.1061 93 89 
3 8/27/2008 8/28/2008 23.5 5 294.7966 978.2734 140 91 
4 8/28/2008 8/29/2008 23.5 5 293.5861 981.2083 40 93 
5 8/29/2008 8/30/2008 23.5 5 293.4477 986.3488 101 95 
S6 
S9/2/2008 S9/3/2008 S23.5 S5 S291.8559  S19 S97 
7 9/3/2008 9/4/2008 23.5 5 289.4683 985.8865 64 99 
8 9/4/2008 9/5/2008 23.5 5 284.8704 981.7813 16 101 
S9 
S9/5/2008 S9/6/2008 S1.4 S5 S287.6601 S984.9815  S103 
10 9/9/2008 9/10/2008 21.4 5 286.8783 989.5927 52 105 
11 9/10/2008 9/11/2008 23.5 5 290.6584 985.7888 65 107 
12 9/11/2008 9/12/2008 23.5 5 293.2613 982.4683 74 109 
13 9/12/2008 9/13/2008 23.5 5 291.9992 978.1385 48 111 
14 9/16/2008 9/17/2008 23.5 5 291.1564 989.1570 56 113 
15 9/17/2008 9/18/2008 23.5 5 294.3060 991.3820 60 115 
16 9/18/2008 9/19/2008 23.2 5 293.4195 990.3937 78 117 
17 9/19/2008 9/20/2008 23.5 5 292.3473 988.6783 132 119 
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UParticulate Matter Concentrations 
The particulate matter concentration for each sampling period was calculated 
using the data collected from the monitors in the field and the method outlined in Chapter 
4.  The calculated concentration values are summarized in Table 13, Table 14, and Table 
15.  The three highest concentrations for each monitor are identified by bold font in each 
table.  
 
Table 13: Concentration of TSP 
Sample # Pollutant North (µg/m³) South (µg/m³) 
1 TSP 23.822024 51.422774 
2 TSP 37.428276 35.859143 
3 TSP 37.939303 78.063404 
4 TSP 86.406628 62.542196 
5 TSP 33.748525 32.533603 
6 TSP 51.257959 X 
7 TSP 36.830835 47.331203 
8 TSP 97.213062 99.860434 
9 TSP 45.024173 X 
10 TSP 9.184062 X 
11 TSP X X 
12 TSP 32.492992 34.492117 
13 TSP 80.920042 170.021498 
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Table 14: Concentration of PMR10 
Sample # Pollutant North (µg/m³) South (µg/m³) 
1 PMR10 21.249037 19.41629 
2 PMR10 21.449369 X 
3 PMR10 40.605526 45.365762 
4 PMR10 18.386031  X 
5 PMR10 15.018526 13.486159 
6 PMR10 33.154657 37.926375 
7 PMR10 48.635667 38.074687 
8 PMR10 X 77.827076 
9 PMR10 15.852874 X 
10 PMR10 25.392618 41.778645 
11 PMR10 X X 
12 PMR10 34.288642 31.749448 
13 PMR10 15.654868 15.990367 
14 PMR10 31.532303 30.029273 
15 PMR10 29.433969 27.698717 
 
 
Table 15: Concentration of PMR2.5 
Sample # Pollutant North (µg/m³) South (µg/m³) 
1 PMR2.5 8.478199 9.514003 
2 PMR2.5 11.716104 12.963925 
3 PMR2.5 17.068612 18.733296 
4 PMR2.5 5.377931 5.355366 
5 PMR2.5 4.69579 13.490197 
6 PMR2.5 X X 
7 PMR2.5 2.027313 8.608818 
8 PMR2.5 0.955625 2.174035 
9 PMR2.5 5.288828 X 
10 PMR2.5 6.498266 7.701191 
11 PMR2.5 10.515601 8.725845 
12 PMR2.5 8.338567 9.906554 
13 PMR2.5 4.863654 6.453982 
14 PMR2.5 5.514363 7.49842 
15 PMR2.5 10.693343 7.981945 
16 PMR2.5 10.175685 10.531824 
17 PMR2.5 10.779285 17.643082 
52 
 
UComparison with the National Ambient Air Quality Standards 
 As discussed previously, the EPA established air quality standards to protect 
public health and welfare.  The NAAQS relevant to this study include the 24-hour 
standard for PMR2.5R – 35 micrograms/cubic meter (µg/mP3P) and the 24-hour standard for 
PMR10R – 150 µg/mP3P.  These are indicated by the bold horizontal line in Figure 15 and 
Figure 16.  These figures show how the particulate matter concentrations in this study 
compare to the NAAQS.    
 
 
Figure 15: PMR2.5R Concentrations Compared to the NAAQS 
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Figure 16: PMR10R Concentrations Compared to the NAAQS 
 
 As you can see, none of the 24-hour PMR2.5R and PMR10R concentrations calculated in 
this study exceeded the NAAQS 24-hour standards.  The highest PMR2.5R concentration 
was 18.73 µg/mP3P (53.5% of the standard) and the highest PMR10R concentration was 93.8 
µg/mP3P (62.5% of the standard). Note: EPA does not have standards for TSP. 
UComparison with the Local Ambient Air Quality Monitor 
 As stated earlier, the state of Iowa and the Iowa DNR have particulate matter 
samplers set up around the state to monitor air quality and ensure compliance with the 
NAAQS.  In 2008, the Iowa DNR monitored PMR10 Rand PMR2.5 Rat the Grout Museum in 
Waterloo (approximately 7 miles from the coal pile).  Figure 17 and Figure 18 compare 
the concentrations from the study to those from the monitors at the Grout Museum.   
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Figure 17: PMR10R Concentrations Compared to the Local Ambient Air Quality Monitor 
 
 
Figure 18: PMR2.5 RConcentrations Compared to the Local Ambient Air Quality Monitor 
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 As you can see the data collected from the Grout Museum is fairly consistent 
between 20-40 µg/m³ for PMR10 Rand between 6-10 µg/m³ for PMR2.5.R  Looking at the 
study’s data for PMR10R the spikes with sample 3, 7 and 8 (south sampler only) are of 
interest as well as the drop with sample 5.  For PMR2.5R, the spikes with samples 3 and 17 
(south sampler only), the drop with sample 4 and the low values for samples 7 and 8 are 
of interest. Some of the samples will be investigated and discussed in further detail in 
subsequent sections.    
UParticulate Matter Origin Analysis 
In this study, the origin of the particulate matter collected by the air samplers was 
mostly unknown.  The obvious hypothesis developed for this study was that the primary 
source of the particulate matter collected by the air samplers was from the coal storage 
pile.  However, in addition to the storage pile, other potential sources of particulate 
matter located near the air samplers included coal receiving and handling operations, an 
unpaved haul road and agricultural fields.  It is also important to recognize the existence 
of background sources of particulate matter from distant or local sources outside the 
sampling site when analyzing the origin of the samples collected.    
UConcentration Comparison of the North vs. South Air Samplers 
Concentrations from the north and south samplers are compared in order to 
identify the probable source of the particulate matter. Tables 16, 17, and 18 compare the 
TSP, PMR10R and PMR2.5 Rconcentrations for the samplers.  The right-hand column in each 
table is a ratio showing how similar the two values are.  This comparison ratio was 
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derived by dividing the higher concentration value by the lower value.  When the ratio 
1.10 or less, the difference between the monitors was considered to be negligible.   
 
Table 16: TSP Concentration Comparison 
Sample 
No. 
North Conc. 
(µg/m³) 
South Conc. 
(µg/m³) 
Highest 
Concentration High/Low 
1 23.8220 51.4228 South 2.1586 
2 37.4283 35.8591 North 1.0438 
3 37.9393 78.0634 South 2.0576 
4 86.4066 62.5422 North 1.3816 
5 33.7485 32.5336 North 1.0373 
6 51.2580    
7 36.8308 47.3312 South 1.2851 
8 97.2131 99.8604 South 1.0272 
9 45.0242    
10 9.1841    
11     
12 32.4930 34.4921 South 1.0615 
13 80.9200 170.0215 South 2.1011 
 
 
For TSP, the greatest variation between the north and south monitors occurred 
with samples 1, 13, and 3. 
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Table 17: PMR10R Concentration Comparison 
Sample 
No. 
North Conc. 
(µg/m³) 
South Conc. 
(µg/m³) 
Highest 
Concentration 
High / 
Low 
1 21.2490 19.4163 North 1.0944 
2 21.4494    
3 40.6055 45.3658 South 1.1172 
4 18.3860    
5 15.0185 13.4862 North 1.1136 
6 33.1547 37.9264 South 1.1439 
7 48.6357 38.0747 North 1.2774 
8  77.8271   
9 15.8529    
10 25.3926 41.7786 South 1.6453 
11     
12 34.2886 31.7494 North 1.0800 
13 15.6549 15.9904 South 1.0214 
14 31.5323 30.0293 North 1.0501 
15 29.4340 27.6987 North 1.0626 
 
 
For PMR10R, the greatest variation between the north and south monitors occurred 
with samples 10 and 7.   
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Table 18: PMR2.5R Concentration Comparison 
Sample 
No. 
North Conc. 
(µg/m³) 
South Conc. 
(µg/m³) 
Highest 
Concentration 
High / 
Low 
1 8.4782 9.5140 South 1.1222 
2 11.7161 12.9639 South 1.1065 
3 17.0686 18.7333 South 1.0975 
4 5.3779 5.3554 North 1.0042 
5 4.6958 13.4902 South 2.8728 
6     
7 2.0273 8.6088 South 4.2464 
8 0.9556 2.1740 South 2.2750 
9 5.2888    
10 6.4983 7.7012 South 1.1851 
11 10.5156 8.7258 North 1.2051 
12 8.3386 9.9066 South 1.1880 
13 4.8637 6.4540 South 1.3270 
14 5.5144 7.4984 South 1.3598 
15 10.6933 7.9819 North 1.3397 
16 10.1757 10.5318 South 1.0350 
17 10.7793 17.6431 South 1.6368 
 
 
 
For PMR2.5R, the greatest variation between the north and south monitors occurred 
with samples 7, 5 and 8.  Many of the samples with the greatest comparison ratios will be 
discussed in subsequent sections. 
According to Vrins and Elshout (2007), comparing the concentrations from 
multiple monitors in close proximity to a source can provide an indication as to the level 
of contribution from background sources.  They stated that when concentrations at the 
two sampling locations are highly correlated with a correlation coefficient (RP2P) value 
close to 1, the overall concentrations were more likely to be dominated by background 
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sources.  In contrast, when the source of the particulate matter was from sources near the 
monitors the correlation was low.   
 In this study, the correlation coefficient, as seen in Figure 19, for PMR10R 
concentrations measured at the north and south samplers is 0.6279.   The correlation 
coefficient, as seen in Figure 20, between the PMR2.5R concentrations measured at the north 
and south samplers is 0.5382.  Correlation coefficients between 0.5 and 0.7 represent a 
moderate relationship, meaning contributions from background sources cannot be ruled 
out. The solid gray line in each figure represents a hypothetical one-to-one relationship 
between the north and south values.  Points plotted above the line indicate the south 
monitor recorded a higher concentration, while points below indicate the north monitor 
was higher.   
 
 
Figure 19:  PMR10R Concentrations North of the Coal Pile Plotted against PMR10R 
Concentrations South of the Coal Pile 
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Figure 20: PMR2.5R Concentrations North of the Coal Pile Plotted against PMR2.5R 
Concentrations South of the Coal Pile 
 
UWind Direction Analysis 
 In an effort to determine the contribution of particulates from the coal pile to the 
monitored concentrations, the local wind directions were carefully analyzed.  Wind 
directions from the weather stations co-located with the monitors were logged every ten 
minutes resulting in a total of 142 data points in each 23.5 hour sampling period.  Each 
observed wind direction was categorized as north (315° - 45°), east (45° - 135°), south 
(135° - 225°), or west (225° - 315°).  The number of observations in each category was 
summed for each monitor (north and south) for each sampling period and then expressed 
as a percentage of the total.  The wind direction analysis for TSP, PMR10R and PMR2.5R can be 
found in Tables 19, 20 and 21.  The most frequent wind direction for each monitor is 
identified by the bold formatting.  
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Table 19: TSP Wind Direction Summary 
TSP  North Station Wind Direction  South Station Wind Direction 
Sample  N E S W  N E S W 
1   0.00% 0.00% 27.46% 72.54%   0.00% 0.00% 70.42% 29.58% 
2   3.52% 0.00% 23.94% 72.54%   2.11% 0.00% 66.20% 31.69% 
3   40.84% 6.34% 16.20% 36.62%   25.35% 7.75% 24.65% 42.25% 
4   30.28% 16.20% 3.52% 50.00%   23.24% 12.68% 3.52% 60.56% 
5   40.14% 7.75% 9.86% 42.25%   27.46% 9.15% 10.56% 52.82% 
6   22.54% 8.45% 4.93% 64.08%   21.13% 0.00% 17.60% 61.27% 
7   14.08% 1.41% 4.23% 80.28%   15.49% 0.00% 11.27% 73.24% 
8   42.25% 1.41% 9.16% 47.18%   32.39% 0.70% 22.54% 44.37% 
9   1.41% 0.00% 65.49% 33.10%   1.41% 1.41% 80.28% 16.90% 
10   0.71% 10.56% 1.41% 87.32%   0.00% 11.27% 1.41% 87.32% 
11   3.52% 1.41% 30.99% 64.08%   2.11% 0.00% 49.30% 48.59% 
12   27.46% 59.86% 0.71% 11.97%   38.03% 50.00% 0.00% 11.97% 
13   0.00% 42.25% 57.75% 0.00%   0.00% 92.25% 7.75% 0.00% 
 
 
 
Table 20: PMR10R Wind Direction Summary 
PM R10  North Station Wind Direction  South Station Wind Direction 
Sample  N E S W  N E S W 
1   0.00% 22.53% 77.47% 0.00%   0.00% 78.17% 21.83% 0.00% 
2   0.00% 0.70% 39.44% 59.86%   0.00% 3.52% 48.59% 47.89% 
3   23.24% 15.49% 9.15% 52.11%   26.76% 6.34% 19.01% 47.89% 
4   32.39% 42.96% 18.31% 6.34%   52.11% 26.76% 18.31% 2.82% 
5   14.79% 29.58% 0.70% 54.93%   21.13% 19.72% 14.08% 44.37% 
6   2.11% 4.23% 28.17% 65.49%   1.41% 6.34% 55.63% 36.62% 
7   0.00% 67.61% 32.39% 0.00%   0.00% 93.66% 6.34% 0.00% 
8   0.00% 47.89% 52.11% 0.00%   0.00% 93.66% 6.34% 0.00% 
9   0.00% 25.35% 73.94% 0.71%   0.00% 48.59% 51.41% 0.00% 
10   2.11% 0.00% 73.24% 24.65%   0.00% 5.63% 76.06% 18.31% 
11   9.86% 31.69% 26.06% 32.39%   24.65% 26.06% 15.49% 33.80% 
12   0.00% 52.11% 47.89% 0.00%   0.00% 89.44% 10.56% 0.00% 
13   51.41% 4.93% 0.00% 43.66%   53.52% 0.00% 0.00% 46.48% 
14   19.01% 14.79% 13.38% 52.82%   32.39% 2.82% 28.17% 36.62% 
15   14.09% 82.39% 3.52% 0.00%   36.62% 62.68% 0.70% 0.00% 
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Table 21: PMR2.5 RWind Direction Summary 
PM2.5  North Station Wind Direction  South Station Wind Direction 
Sample  N E S W  N E S W 
1   1.41% 80.28% 5.63% 12.68%   2.11% 82.40% 7.04% 8.45% 
2   0.00% 43.66% 56.34% 0.00%   1.41% 92.25% 6.34% 0.00% 
3   0.70% 3.52% 95.07% 0.71%   0.71% 52.82% 45.77% 0.70% 
4   14.79% 0.00% 4.22% 80.99%   7.04% 0.00% 11.97% 80.99% 
5   3.52% 0.00% 64.79% 31.69%   2.82% 0.00% 81.69% 15.49% 
6   35.92% 0.00% 11.97% 52.11%   40.14% 0.00% 16.20% 43.66% 
7   73.94% 25.35% 0.00% 0.71%   90.85% 8.45% 0.00% 0.70% 
8   47.18% 2.11% 9.16% 41.55%   47.89% 0.00% 11.27% 40.84% 
9   9.16% 2.11% 21.83% 66.90%   7.04% 0.00% 35.92% 57.04% 
10   1.41% 40.85% 57.04% 0.70%   4.93% 80.98% 12.68% 1.41% 
11   0.00% 47.77% 54.23% 0.00%   0.00% 89.44% 10.56% 0.00% 
12   14.79% 8.45% 47.89% 28.87%   19.72% 4.22% 54.23% 21.83% 
13   18.31% 79.58% 2.11% 0.00%   55.63% 43.66% 0.71% 0.00% 
14   6.34% 0.70% 66.90% 26.06%   9.15% 0.00% 78.17% 12.68% 
15   13.38% 73.24% 10.56% 2.82%   28.87% 62.68% 4.93% 3.52% 
16   0.00% 0.00% 100.00% 0.00%   0.00% 14.08% 85.92% 0.00% 
17   0.00% 0.00% 87.32% 12.68%   2.11% 11.27% 84.51% 2.11% 
 
 
 The north and south components of the wind direction were of greatest interest to 
this study since the hypothesis is that the coal pile is the primary source of particulates.  
The hypothesis is affirmed if the particulate concentration at the north monitor is higher 
than at the south monitor when winds are blowing from the south to the north across the 
coal pile and if the concentration at the south monitor is higher than at the north monitor 
when the winds are blowing from the north across the coal pile.  In an effort to determine 
how strongly the data collected supported or refuted the hypothesis, rating matrices were 
developed (Table 22).  Positive results were those that supported the hypothesis while 
negative results refuted the hypothesis. A rating system was developed (A – highest, C – 
lowest) to show how strongly the hypothesis is supported or refuted.     
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Table 22: Wind Direction Rating Matrix 
Positive Result (support hypothesis)   
Rating 
Monitor with 
Highest Conc. 
Frequency of 
Winds  
(more N or S) 
Dominant Wind 
Direction  
North Monitor 
Dominant Wind 
Direction  
South Monitor 
A N S S S 
S N N N 
B N S 1 monitor S, other E/W 
S N 1 monitor N, other E/W 
C N S E/W E/W 
S N E/W E/W 
     
     
Negative Result (contradicts hypothesis)  
Rating 
Monitor with 
Highest Conc. 
Frequency of 
Winds  
(more N or S) 
Dominant Wind 
Direction  
North Monitor 
Dominant Wind 
Direction  
South Monitor 
A S S S S 
N N N N 
B S S 1 monitor S, other E/W 
N N 1 monitor N, other E/W 
C S S E/W E/W 
N N E/W E/W 
 
 
Using the wind direction rating matrix each sample was identified as either 
positively or negatively supporting the hypothesis and was then assigned a rating 
identifying the strength of the relationship.  For example, an A rating was assigned to 
samples when the dominant wind directions at each monitor were the same and either 
from the north or from the south.  As the dominant wind direction at either station 
became westerly or easterly, the rating was decreased accordingly.  If both monitoring 
stations recorded dominant winds from the easterly or westerly direction, a C rating was 
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given.  The positive or negative result was based solely on which monitor, the north or 
south, had the highest concentration compared to the N/S component of the wind.     
Tables 23, 24, and 25 show the results for the TSP, PMR10R and PMR2.5 Rsamples 
respectively.  Samples not highlighted were identified as having a negligible difference 
between the north and south concentrations and were therefore not included when 
evaluating the thesis hypothesis.  In these tables, the column with the heading “High” 
identifies the monitor with the highest concentrations, the column with the heading “N/S” 
identifies the frequency of the winds as being northerly (N) or southerly (S), the columns 
with the heading title “N Mon” and “S Mon” identify the dominant wind direction at the 
north and south monitors respectively and the column with the heading “Pos/Neg” shows 
whether the sample wind direction results support (Pos) or refute (Neg) the hypothesis.  
 
 
Table 23: TSP Wind Direction Rating Matrix 
TSP Rating Matrix 
Sample High N/S N Mon S Mon Pos/Neg Rating 
1 S S W S Neg B 
2 N S W S Pos B 
3 S N N W Pos B 
4 N N W W Neg C 
5 N N W W Neg C 
6             
7 S N W W Pos C 
8 S N W W Pos C 
9             
10             
11             
12 S N E E Pos C 
13 S S S E Neg B 
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Table 24: PMR10R Wind Direction Rating Matrix 
PMR10 Rating Matrix 
Sample High N/S N Mon S Mon Pos/Neg Rating 
1 N S S E Pos B 
2             
3 S N W W Pos C 
4             
5 N N W W Neg C 
6 S S W S Neg B 
7 N S E E Pos C 
8             
9             
10 S S S S Neg A 
11             
12 N S E E Pos C 
13 S N N N Pos A 
14 N N N N Neg A 
15 N N E E Neg C 
 
Table 25: PMR2.5 RWind Direction Rating Matrix 
PMR2.5 Rating Matrix 
Sample  High N/S N Mon S Mon Pos/Neg Rating 
1 S S E E Neg C 
2 S S S E Neg B 
3 S S S E Neg B 
4 N N/S W W Neg/Pos C 
5 S S S S Neg A 
6           
7 S N N N Pos A 
8 S N N N Pos A 
9           
10 S S S E Neg B 
11 N S S E Pos B 
12 S S S S Neg A 
13 S N E N Pos B 
14 S S S S Neg A 
15 N N E E Neg C 
16 S S S S Neg A 
17 S S S S Neg A 
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 Overall for all samples, the data show more negative (16) than positive (8) results, 
refuting the hypothesis that the coal pile is the primary source of the particulates.  
Looking specifically at the PMR2.5 Rdata, when the winds were more frequently from the 
south, seven out of eight samples showed PMR2.5 Rvalues at the south monitor greater than 
those at the north monitor.  Of those seven samples six of them had a negative rating of A 
or B.  This information indicates the primary source of the PMR2.5 Rcollected is something 
other than the coal storage pile.  For the PMR10R data, the three negative results had ratings 
of A, B, and C while the two positive results had the lowest rating (C) meaning the 
confidence level was low.  This information once again refutes the hypothesis that the 
coal pile is the primary source of particulates.  The TSP data, although to a lesser extent, 
also indicates the primary source of the particulates is likely a source other than the coal 
pile.  
 Although the majority of samples resulted in a negative result, there are two 
samples of interest that resulted in a strong (A rating) positive result.  PMR2.5R samples 7 
and 8 have two of the greatest variations between the north and south monitors with the 
north monitor recording the two lowest values during the PMR2.5 Rsampling period.  The 
predominant wind direction when these two samples were collected was from the 
northerly direction.  While these results support the thesis hypothesis, the vegetation, 
trees and shrubs planted in the area between the coal storage pile and the apartment 
complex may have filtered out any airborne particulates, contributing to lower 
concentrations at the north monitor.  
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UWeather Data Analysis 
 As outlined earlier, several factors influence dust generation from fugitive 
sources.  Previous studies from Watson, Chow, and Pace (2000) and Badr and Harion 
(2005 and 2007) as well as emission estimation formulas developed by the EPA (outlined 
in Chapter 2) have identified wind speed, wind gusts, precipitation, and particle size as 
factors influencing fugitive dust generation and emissions.   
  Meteorological data collected from the weather stations co-located with the 
monitors was used to evaluate the relationship between particulate concentrations and 
average wind speeds, average gust speeds, maximum wind gusts, and precipitation.  
Particulate concentrations and the associated meteorological data can be found in Tables 
26, 27, 28, 29, 30 and 31.  This data is sorted by highest to lowest concentration, samples 
with unknown concentrations have been excluded from these tables.  A complete 
summary of the meteorological data related to each sampling period can be found in 
Appendix C.  It is important to note, the following discussions will focus solely on the 
meteorological data correlation with PMR2.5, Ras minimal to no correlation was found in 
relation to TSP or PMR10 Rconcentrations. 
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Table 26: TSP Concentrations and Meteorological Data from the North Monitor 
 
 
 
 
Table 27: TSP Concentrations and Meteorological Data from the South Monitor 
 
 
1 8 TSP 97.2131 1.1253 3.49 13.69 0.00
2 4 TSP 86.4066 1.5992 4.54 12.03 0.00
3 13 TSP 80.9200 5.2290 10.52 20.76 0.00
4 6 TSP 51.2580 1.5244 4.11 9.95 0.00
5 9 TSP 45.0242 3.0323 5.9 14.12 0.32
6 3 TSP 37.9393 2.5230 5.4 21.16 0.00
7 2 TSP 37.4283 4.0982 6.63 12.86 0.00
8 7 TSP 36.8308 1.8006 4.75 12.86 0.00
9 5 TSP 33.7485 1.3862 4.36 14.12 0.09
10 12 TSP 32.4930 2.1062 5.31 18.68 0.00
11 1 TSP 23.8220 5.1744 8.43 26.55 0.00
12 10 TSP 9.1841 2.7740 6.57 13.29 0.01
Rank Sample Size
Precip 
(in)
Max Gust 
Speed (mph)
Avg Wind 
Gust (mph)
Avg Wind 
Spd (mph)
Concentration 
(µg/m³)
1 13 TSP 170.0215 4.2789 9.56 21.16 0.00
2 8 TSP 99.8604 2.9592 5.55 16.6 0.00
3 3 TSP 78.0634 3.7276 6.63 19.51 0.00
4 4 TSP 62.5422 3.6813 6.95 16.6 0.00
5 1 TSP 51.4228 4.6208 7.85 23.24 0.00
6 7 TSP 47.3312 3.8627 6.54 14.52 0.00
7 12 TSP 34.4921 3.6809 7.30 17.43 0.00
8 5 TSP 32.5336 3.3829 6.46 15.77 0.09
Rank
Max Gust 
Speed (mph)
Precip 
(in)Sample Size
Concentration 
(µg/m³)
Avg Wind 
Spd (mph)
Avg Wind 
Gust (mph)
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Table 28: PMR10R Concentrations and Meteorological Data from the North Monitor 
 
 
Table 29: PMR10R Concentrations and Meteorological Data from the South Monitor 
 
1 7 PM10 48.6357 2.4544 5.87 12.86 0.00
2 3 PM10 40.6055 1.2765 3.67 9.95 0.00
3 12 PM10 34.2886 3.4894 7.04 14.52 0.00
4 6 PM10 33.1547 2.3542 4.25 13.29 0.00
5 14 PM10 31.5323 1.7865 4.66 13.69 0.00
6 15 PM10 29.4340 2.0799 5.17 12.86 0.00
7 10 PM10 25.3926 5.4463 9.65 21.59 0.05
8 2 PM10 21.4494 1.7892 3.57 9.13 0.00
9 1 PM10 21.2490 3.5006 7.2 16.6 0.00
10 4 PM10 18.3860 1.5387 4.41 20.33 2.12
11 9 PM10 15.8529 4.5641 8.99 16.6 0.19
12 13 PM10 15.6549 1.8982 5.39 16.2 0.00
13 5 PM10 15.0185 1.1840 3.17 9.95 0.00
Rank
Avg Wind 
Gust (mph)
Max Gust 
Speed (mph)
Precip 
(in)Sample Size
Concentration 
(µg/m³)
Avg Wind 
Spd (mph)
1 8 PM10 77.8271 3.0135 6.70 14.52 0.07
2 3 PM10 45.3658 2.9151 5.39 12.03 0.00
3 10 PM10 41.7786 5.4461 9.91 22.41 0.16
4 7 PM10 38.0747 2.8055 6.24 11.21 0.00
5 6 PM10 37.9264 2.2472 4.12 11.63 0.00
6 12 PM10 31.7494 2.5798 5.56 12.46 0.00
7 14 PM10 30.0293 3.8044 6.91 17.02 0.00
8 15 PM10 27.6987 3.4154 6.83 13.29 0.00
9 1 PM10 19.4163 3.3338 7.05 13.69 0.00
10 13 PM10 15.9904 4.9342 8.94 21.16 0.00
11 5 PM10 13.4862 2.4097 4.80 13.69 0.00
Precip 
(in)Rank Sample Size
Concentration 
(µg/m³)
Avg Wind 
Spd (mph)
Avg Wind 
Gust (mph)
Max Gust 
Speed (mph)
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Table 30: PMR2.5 RConcentrations and Meteorological Data from the North Monitor 
 
 
Table 31: PMR2.5 RConcentrations and Meteorological Data from the South Monitor 
 
1 3 PM2.5 17.0686 5.7802 10.66 16.2 0.83
2 2 PM2.5 11.7161 2.5620 5.82 14.52 0.00
3 17 PM2.5 10.7793 3.7037 6.38 20.76 0.00
4 15 PM2.5 10.6933 2.2319 5.48 14.12 0.00
5 11 PM2.5 10.5156 6.1154 12.2 17.85 0.95
6 16 PM2.5 10.1757 4.9652 8.67 16.2 0.00
7 1 PM2.5 8.4782 2.1483 5.16 12.86 0.00
8 12 PM2.5 8.3386 3.2124 6.28 18.68 0.01
9 10 PM2.5 6.4983 2.6583 5.96 17.02 0.00
10 14 PM2.5 5.5144 3.6342 6.19 14.94 0.00
11 4 PM2.5 5.3779 1.5385 4.14 10.78 0.00
12 9 PM2.5 5.2888 2.4189 5.22 18.25 0.18
13 13 PM2.5 4.8637 0.8932 3.4 7.05 0.54
14 5 PM2.5 4.6958 2.6874 5 12.03 0.00
15 7 PM2.5 2.0273 1.4391 4.91 10.78 0.15
16 8 PM2.5 0.9556 0.8089 3.07 8.72 0.02
Rank Sample Size
Concentration 
(µg/m³)
Avg Wind 
Spd (mph)
Avg Wind 
Gust (mph)
Max Gust 
Speed (mph)
Precip 
(in)
1 3 PM2.5 18.7333 4.8754 10.15 18.25 0.84
2 17 PM2.5 17.6431 3.4727 6.24 19.93 0.00
3 5 PM2.5 13.4902 2.5851 4.74 9.55 0.00
4 2 PM2.5 12.9639 2.6790 6 15.77 0.00
5 16 PM2.5 10.5318 4.2388 8.37 16.6 0.00
6 12 PM2.5 9.9066 3.9592 6.99 17.85 0.02
7 1 PM2.5 9.5140 2.9080 6.29 12.03 0.00
8 11 PM2.5 8.7258 4.9109 11.03 17.85 0.96
9 7 PM2.5 8.6088 4.9263 9.08 17.43 0.13
10 15 PM2.5 7.9819 3.1037 6.46 14.12 0.00
11 10 PM2.5 7.7012 2.6322 5.94 14.94 0.00
12 14 PM2.5 7.4984 3.3783 5.89 13.29 0.00
13 13 PM2.5 6.4540 3.2851 5.94 9.13 0.50
14 4 PM2.5 5.3554 3.1786 5.79 13.69 0.00
15 8 PM2.5 2.1740 2.6824 5.19 13.69 0.02
Rank
Precip 
(in)Sample Size
Concentration 
(µg/m³)
Avg Wind 
Spd (mph)
Avg Wind 
Gust (mph)
Max Gust 
Speed (mph)
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As discussed previously, research has shown surface moisture can cause smaller 
particles to aggregate to larger particles reducing the likelihood those particles can be 
dislodged.  An analysis of the PMR2.5 Rconcentrations related to monitored precipitation 
found seven sampling days where precipitation was monitored.  Four of the five lowest 
PMR2.5 Rconcentrations from the north monitor and two of the three lowest PMR2.5 
Rconcentrations from the south monitor occurred when precipitation was detected.  It is 
also interesting to note the highest monitored concentrations at both monitors also 
occurred on a day when precipitation was detected.  
A moderate positive correlation was identified between PMR2.5R concentrations and 
average wind speed (RP2P = 0.5405), average gust speed (RP2P = 0.5239), and maximum gust 
speed (RP2P = 0.3246) at the north monitor, however minimal correlations were seen 
between PMR2.5R concentrations and average wind speeds (RP2P = 0.0794), average gust 
speeds (RP2 P= 0.0869), or maximum gust speed (RP2 P= 0.2021) at the south monitor.  The 
results of these correlation analyses for the north and south monitors are shown in Figures 
21, 22, 23, 24, 25, and 26.   
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Figure 21: PMR2.5 RConcentrations vs. Wind Speeds at the North Monitor 
 
 
 
 
Figure 22: PMR2.5 RConcentrations vs. Wind Speed at the South Monitor 
 
 
8
7
5
13
9
4
14
10
12
1
16
11
15
17
2
3R² = 0.5405
0.0
2.0
4.0
6.0
8.0
0.0 5.0 10.0 15.0 20.0
Av
er
ag
e 
W
in
d 
Sp
ee
d 
(m
ph
)
North Monitor PM2.5 Concentration (µg/m³)
North PM2.5 vs. Average Wind Speed
8
4 13 14
10
15
711
1
1216
2
5
17
3
R² = 0.0794
0.0
2.0
4.0
6.0
0.0 5.0 10.0 15.0 20.0
A
ve
ra
ge
 W
in
d 
Sp
ee
d 
(m
ph
)
South Monitor PM2.5 Concentration (µg/m³)
PM2.5 South vs. Average Wind Speed
73 
 
 
Figure 23: PMR2.5R Concentration vs Average Gust Speed at the North Monitor 
 
 
 
 
Figure 24: PMR2.5 RConcentration vs. Average Gust Speed at the South Monitor 
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Figure 25: PMR2.5 RConcentration vs. Maximum Gust Speed at the North Monitor 
 
 
Figure 26: PMR2.5 RConcentrations vs. Maximum Gust Speed at the South Monitor 
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UParticulate Sample Analysis 
 A few samples were chosen for further analysis.  TSP sample 13 is of particular 
interest as the concentrations measured at both the north and south monitors were two of 
the highest during the entire project.  These high concentration likely resulted from the 
reshaping of the coal storage pile that day (see field note in Appendix B).  The movement 
of coal generates dust and also disturbs the crust that forms on the surface of the coal.  
During the TSP monitoring, coal was also being manipulated while sample 3 was 
collected.  With the winds blowing from the north to the south during the sampling 
period, the higher concentration measured at the south monitor was likely from these 
activities.  
 One of the highest PMR10 Rconcentrations was recorded at the south monitor during 
sample 10.  This particular sample also had the greatest comparison ratio (ratio of high to 
low between the concentrations at the north and south monitors) for all the PMR10R 
samples.  Winds during this sampling period were out of the south nearly 75% of the time 
and the average wind speed and wind gusts were the highest from the PMR10R sampling 
period.  This particular sample builds a strong case that the particulate collected was from 
a source other than the coal pile.  The proximity of the unpaved road to the south monitor 
may have been a major contributor to the particulates collected by the south monitor.  
The highest PMR10 Rconcentration at the north monitor occurred with sample 7. The 
wind directions during this sampling period were out of the east 94% of the time at the 
south monitor and 67% of the time at the north monitor (33% out of the south).  This 
variability is likely due to a small, 3-sided structure located just to the east of the monitor 
76 
 
that could act as an obstacle to the wind.  The other significance of this building is that it 
houses coal which is used as needed.  Although not recorded in the field notes, it is 
plausible there was an increase in coal handling activities in or near that building causing 
the spike in concentrations (compared to the Grout Museum monitor) and a greater 
concentration at the north monitor. 
The highest PMR2.5 Rconcentration at both the north and south monitors occurred 
with sample 3.  The wind directions during this sampling period were out of the south 
95% of the time at the south monitor and 46% of the time at the north monitor (53% out 
of the east at the north monitor).  It is also important to note the average wind speed and 
gust speeds were higher on this day and 0.84 inches of precipitation fell (from 2:00 AM 
to 5:30 AM).  The field notes also show that a large temporary pile was created just one 
day earlier.  The wind from the south and high particulate concentration at the south 
monitor once again suggests the likelihood of increased traffic on the unpaved haul road. 
Although the coal storage pile could definitely have contributed to the higher 
concentration at the north monitor, the movement of coal the day prior and the more 
easterly component of the wind suggests that coal handling activities also contributed.     
  Another PMR2.5 Rsample that resulted in overall higher concentrations was sample 
17.  During this sampling period, the winds were primarily from the south and gust 
speeds were the highest of any of the samples in which PMR2.5 Rwas collected.  As was 
discussed earlier, erosion potential has been shown to rapidly increase with increasing 
wind speed and gusts of high magnitude can easily entrain fine particles.  With the 
southerly component to the wind, it is once again unlikely the particulate collected by the 
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south monitor is from the coal storage pile.  The origin of the particulate collected by the 
north monitor is unknown but the high wind gusts are likely the cause of the spike in 
concentration.    
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CHAPTER 6 
CONCLUSIONS 
 The results discussed in the previous section mostly refute the hypothesis that the 
coal pile is the primary source of particulates.  Although the coal pile may be contributing 
to the total particulates, distant as well as nearby sources (the unpaved road, agricultural 
operations, and coal delivery, unloading and handling) are likely the primary source of 
the particulates collected by the monitors near the coal pile.   
 The main factors reducing the emissions from the coal pile are the control 
techniques being utilized by the power plant.  A polymer emulsion (Soil-Sement), which 
provides dust control, erosion control, and soil stabilization was applied to the storage 
pile.  According to the manufacturer (Midwest Industrial Supply, 2002), Soil-Sement 
when applied in accordance with the manufacturer’s instructions will achieve at least 
95% control efficiency on fugitive dust (PMR10R) for three months after application and at 
least 80% after 11 months.  Control efficiency of PMR2.5 Ris around 75%.  By applying this 
product to the surface of the coal storage pile, the availability of erodible particles 
becomes greatly reduced, limiting wind erosion and the entrainment of fine particulates.  
In addition to the application of Soil-Sement, the power plant also utilized a just-
in-time delivery method, meaning that coal is delivered and used as it is needed.  This 
allows the power plant to leave the storage pile undisturbed.  As discussed previously, 
natural crusting on the surface which binds erodible material is more likely to form when 
the pile remains undisturbed.     
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The product’s slightly reduced control efficiency for PMR2.5 Rmay contribute to the 
increased correlation seen between maximum wind gusts and PMR2.5 Rconcentrations.  As 
various other studies have found, in general higher particulate concentrations were seen 
when peak wind gusts were highest magnitudes.  The inconsistency of the correlations 
between average wind speeds and average wind gusts suggest these are not major factors 
influencing the overall particulate concentration.   
Although precipitation was seen to reduce particulate concentrations for some 
samples, other factors such as the availability of erodible particles appeared to have a 
stronger correlation to the monitored concentrations.  When the surface of the pile was 
disturbed or coal near the pile was moved or manipulated, creating exposed surfaces, the 
monitored particulate concentrations increased significantly.  
Although the origin of the particles collected is unknown, evidence from this 
study suggests the coal storage pile is likely not the primary source.  Speciation tests of 
collected particulate samples would be a productive pursuit for further research in this 
area. 
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APPENDIX A 
 
EMISSION ESTIMATION CALCULATIONS 
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UEmission Estimation Calculations 
Annual particulate matter emissions from the coal storage pile at UNI were 
estimated using EPA approved emission factors.   
Emissions were first estimated using the PMR10R emission factor published in FIRE 
for open storage piles: coal equal to 17,060 lb PMR10R/acre-year.  Using the general 
emission estimation equation, annual PMR10R emissions from the coal pile using a control 
efficiency of 95% would be:   
 E (PMR10R) = 0.53 acres x 17,060 lb/acre/yr x ((100-95)/100) 
 E (PMR10R) = 452.09 lb PMR10R/yr = 0.226 tons PMR10R/yr  
 
TSP and PMR2.5R emissions were calculated using information found in the particle size 
distribution chart (Figure 7) for material handling and processing of aggregate and 
unprocessed ore.  
 E (TSP) = 0.226 tons PMR10R/yr x 51% = 0.443 tons TSP/yr 
 E (PMR2.5R) = 0.443 tons TSP/yr x 15% = 0.066 tons PMR2.5R/yr 
 
 The second method used to estimate annual particulate emissions from the UNI 
coal storage pile was done using the emissions estimation equation published in AP-42 
for windblown dust from storage piles.  TSP, PMR10R, and PMR2.5R emission factors were 
calculated using Equation 2 found in Chapter 2.   
TSP EF = 1.7*(2.2/1.5)*(37/15)*((365-108)/235)*1.0 = 6.73 lb/acre/day 
PMR10R EF = 1.7*(2.2/1.5)*(37/15)*((365-108)/235)*0.50 = 3.36 lb/acre/day 
PMR2.5R EF = 1.7*(2.2/1.5)*(37/15)*((365-108)/235)*0.15 = 1.01 lb/acre/day 
 
The annual TSP, PMR10R, and PMR2.5R emissions from the coal pile were calculated using Eq. 
1 from the coal pile in this study using the above emission factor and a 95% control 
efficiency would be: 
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 TSP: E= 0.53 acres x 6.73 lb/acre/day x 365 days/1 yr x ((100-95)/100) 
  E= 65.10 lb PMR10R/yr = 0.033 tons PMR10R/yr 
 PMR10R:  E= 0.53 acres x 3.36 lb/acre/day x 365 days/1 yr x ((100-95)/100) 
  E= 32.50 lb PMR10R/yr = 0.016 tons PMR10R/yr 
PMR2.5R: E= 0.53 acres x 1.01 lb/acre/day x 365 days/1 yr x ((100-95)/100) 
  E= 9.77 lb PMR10R/yr = 0.005 tons PMR10R/yr 
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APPENDIX B 
 
FIELD DATA LOG 
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APPENDIX C 
 
PARTICULATE SAMPLE SUMMARIES
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